In chloralose-anesthetized cats, electrical stimulation of the optic tract evoked a negative-positive field potential wave at the surface of the ipsilateral superior colliculus which reversed to a positive-negative wave at the deeper part of the superficial gray layer. The maximal amplitude of the deep positivity was reached at the optic layer. Cortical stimulation of visual and surrounding areas elicited similar field potentials in the ipsilateral superior colliculus. Reversal in polarity occurred at the same depth as did for the tract-evoked field potential.
In general, stimulation of cortical areas surrounding the visual cortex, for example, the posterior suprasylvian gyrus, gave rise to a larger response than stimulation of the visual cortex. Reversible inacti vation of the cortical visual and adjacent areas by cooling resulted in a reduction of the tract-evoked field potential with a gradual recovery to the initial amplitude after removal of the cooling agent. This finding indicates that the geniculocortico-tectal pathway contributes the generation of collicular response to stimula tion of the retinotectal pathway.
Topographical interrelationships between the effective cortical area and the superior colliculus were examined with the amplitude of cortically evoked collicular responses as an index. It was revealed that the junctional part between the lateral and postlateral gyri was related to the posterior part of the superior colliculus and that the upper part of the postsuprasylvian gyrus was associated with the anterior part of the superior colliculus. As to interaction between cortico-tectal and retino-tectal inputs, it was found that preceding stimulation of the effective cortical areas produced an initial facilitation from 50 to 200 msec followed by a depression of collicular response to optic tract stimulation lasting for as long as 500 msec. -cat's superior collieulus; visual cortex; field potential
The mammalian superior colliculus is a homologue of the optic tectum of lower vertebrates. Although the function of the optic tectum has been establish ed as the main visual center, that of the superior colliculus is not fully understood.
Recently evidence has accumulated that the superior colliculus of mammals is not a vestigial structure but plays an important role in visually-guided behavior Meikle 1965, Sprague 1966 ). The superior colliculus of the cat has a laminar structure, which consists of seven layers (Huber and Crosby, 1943); four prominent fiber layers and three cellular layers which are sandwitched between them. Among them the superficial three layers, i.e., the stratum zonale, stratum griseum superficiale and stratum opticum, are believed to receive visual inputs from retino-tectal fibers and also from cortico-tectal fibers originating from the visual cortex and its adjacent cortical areas (Barris et al. 1935 Marchiafava et al. (1968) observed the reduction of collicular field poten tial during cooling of the cerebral cortex, they interpreted this finding as being due to inhibitory effect of irritative discharges in the cortico-tectal pathway caused by cooling.
The present experiments were undertaken to shed more light upon the interaction between cortico-tectal and retino-tectal inputs. This paper is concerned with analyses of evoked collicular field potentials and the subsequent paper will deal with the same issue in terms of unitary discharges of collicular neurons.
METHODS
Fifty-three adult cats were used in these experiments. They were anesthetized with ether for initial surgical operation and subsequently maintained with chloralose (70 mg/ kg body weight) administered intravenously throughout the experiment . The head was firmly fixed on a stereotaxic head holder. During an experiment the animal was paralysed with gallamine triethiodide administered through a cannula inserted into the superficial vein of right forearm and maintained on artificial respiration .
The skull was opened by means of a dental burr at three sites . A small hole was made at 12.5 mm anterior to the interaural line, through which bipolar stimulating electrodes were inserted vertically into the optic tract. The second hole was situated 2 mm lateral to the sagittal suture at the interaural line, through which a recording electrode could reach the superior colliculus. The third opening was large enough to expose the visual cortex and its adjacent cortical areas. In the present experiments we confined our observations largely to the early negative wave in association with the subsequent paper, in which unitary spike discharges in the collicular neurons were investigated.
As the electrode was advanced into the colliculus, the configuration of recorded potentials gradually changed. At a depth of 0.2 mm from the collicular surface, spiky potentials of high frequency were observed to be superimposed upon the In each case recording electrode was fixed at depth where maximal deep positivity was recorded.
In graphs relative amplitude of responses is plotted against stimulus intensity (0.02 msec in duration).
negative wave over the range of 3 to 15 msec after stimulation. At 0.5 mm depth the negative peak had reversed in polarity to yield a positive wave with more or less prominent spiky potentials superimposed. With further advance of the electrode the positive counterpart of the surface negative peak increased in size to reach a maximum at a depth of about 0.9 mm. Beyond this depth the amplitude of the positive wave gradually decreased without changing polarity. In this experiment an electrolytic lesion was made at the depth where the deep positive wave was maximal in amplitude. Histological examination showed that the lesion was located in the statum opticum (Fig. 1) . Consequently the reversal site of the surface negative wave was considered to be in the middle of the stratum griseum superficiale.
Essentially identical potential waves were elicited in the superior colliculus by stimulation of the ipsilateral visual cortex and its adjacent areas. Cortically evoked collicular responses showed similar changes in configuration with penetra tion of the recording electrode into the colliculus as well. Fig. 2 illustrates the whole series of depth recordings of potential waves evoked by stimulation of the optic tract and visual cortex in another cat. In this figure is also shown the depth distribution of the amplitude of potentials measured at the peak time of the surface negative wave where open circles stand for potentials evoked by stimulation of the cortex and filled ones for those by tract stimulation.
2.Intensity-response relationship of collicular evoked potentials
To clarify the relation between stimulus strength and the size of collicular evoked responses, the recording electrode was fixed in the site where the deep positive potential wave was maximal in amplitude. As shown in Fig. 3 , both tract and cortically evoked collicular responses increased with an increase in stimulus intensity. In addition, sample records illustrated to the left show that spiky potentials superimposed upon the positive waves became more pronounced with increasing stimulus intensity.
Effects of barbiturate on collicular evoked potentials
There is good reason to believe that the spiky potentials superimposed upon the slow positive potential wave are derived from repetitive discharges of inter nuncial neurons in the superior colliculus.
In early experiments, animals were anesthetized with an initial dose of 35 mg/kg body weight of sodium pentobarbital injected intraperitoneally and during experiments additional 10 mg of the drug were intermittently administered intra venously to maintain a good anesthetic level. With thus anesthetized animals we could not obtain large collicular responses as illustrated in the present paper where chloralose was substituted for sodium pentobarbital . Based on this experience, effects of sodium pentobarbital on collicular evoked responses were tested. Results are shown in Fig. 4 . After control collicular evoked potentials were recorded in response to stimulation of the optic tract , 30 mg of sodium pento bartibal were administered intravenously. An effect appeared as early as half a minute after injection. The spiky potentials were attenuated and at last completely disappeared by four minutes after drug application. The slow potential wave , however, was not affected to a noticeable degree . Sixteen minutes after drug application the spiky potentials began to recover . At this moment additional 30 mg of the anesthetics were given. This treatment depressed not only the spiky potentials but also the slow potential wave. A photographic record taken seven minutes after the second application of the drug is shown at the right-hand corner in Fig. 4 . rostral to the penetration point of the collicular electrode.
It is seen that the collicular evoked responses remained almost unaltered while the large negative potential wave accompanying cortical depression was recorded, although the spiky potentials superimposed upon the collicular responses were suppressed to some degree as shown in sample records.
On the other hand, when maintained cooling of cortical areas including suprasylvian, lateral and postlateral gyri was performed, the tract-evoked collicular responses were noticeably depressed with a gradual recovery to the original level after withdrawal of the cooling agent (Fig. 6 ). Fig. 7 shows changes in collicular and cortical responses to tract stimulation before, during and after application of dry ice in the same experiment as in Fig. 6 . Cortical responses, which were recorded at the postlateral gyrus, were highly suppressed during five minute cooling, leaving only an initial positive spike which is now generally known to be due to an afferent volley. Along with such changes in cortical responses collicular responses were also depressed during cooling, but recovered gradually to the initial level after its withdrawal. In this experiment the spiky potentials were depressed as well.
When the cooling was restricted to only the primary visual area, no detectable depression of the tract-evoked collicular response was observed. These findings reveal that cortical areas adjacent to the primary visual area were responsible to some extent for tract-evoked collicular responses.
Ablation of cortical areas in an acute experiment always caused a great depression of the collicular responses. But since such depressive effects were irreversible and also there is good reason to believe that such surgical manoeuvre caused a disturbance of blood circulation and changes in milieu interior of the brain, the results thus obtained will not be considered further 5. Effective sites in the cortex for collicular responses . In the present series of experiments we noticed that stimulation of the posterior suprasylvian gyrus gave rise to larger collicular responses whereas stimulation of the postlateral gyrus produced very small responses. Sample records are shown in Fig. 8 .
It is known that the visual and adjacent cortical areas send corticofugal fibers to the superior colliculus (Beresford 1961, Sprague 1963 , Meikle and Sprague 1964 , Otani 1964 ). In particular, Garey (1965) has shown that topographical interrela tionships exist between the visual cortex and the superior colliculus in the cat. On of the lateral side of the posterior suprasylvian gyrus gave rise to the biggest response, and at A=1.0 and at P=0.5 stimulation of the medial side of the posterior suprasylvian and of the junctional part between the lateral and postlateral gyri produced the biggest responses, respectively.
It is to be noted that these effective sites were not located in the primary visual cortex, but rather in cortical areas surrounding the visual cortex. From these findings we can say that the rostral portion of effective cortical areas is associated with the caudal part of the superior colliculus and the caudal portion of the cortical areas with the rostral part of the superior colliculus.
Interaction between retino-tectal and cortico-tectal inflows
At present there is no doubt that both retino-tectal and cortico-tectal fibers enter the stratum opticum via the lateral brachium of the superior colliculus and terminate mainly in the stratum griseum superficiale. Consequently, it is natural that a question should be raised: What sort of interaction between these two afferents should occur in the superior colliculus?
In the present experiments the recovery cycle of afferents was studied by measuring the amplitude of the collicular responses evoked by test shocks given to either of the two afferents following a conditioning shock delivered to the other afferent. Fig. 10 shows one of recovery curves in which a conditioning shock was applied to the posterior suprasylvian gryus and test shocks were delivered to the optic tract. Numerals attached to sample records indicate intershock intervals. The amplitude of the tract-evoked response at each intershock interval is expressed as a percentage of that of the control response. It is seen that there is an initial facilitatory phase from about 50 msec to 200 msec after the conditioning cortical shock followed by a depressive phase up to over 500 msec. Occasionally a second weak facilitatory phase was superimposed upon this depressive phase at about 350 msec after the conditioning shock.
Similar but weak effects were also observed when a conditioning shock was applied to the optic tract and test shocks were to the cortex.
DISCUSSION
According to histological studies on the mammalian superior colliculus the superficial layers, i.e., the stratum griseum superficiale and stratum opticum receive projections from the optic fibers and the visual cortical areas (Barris et al. 1935 , Altman 1962 , Sprague 1963 , Meikle and Sprague 1964 , Garey 1965 , Laties and Sprague 1966 , Lund 1966 , Garey et al. 1968 ).
This was confirmed by the present analyses of field potentials which showed that stimulation of the ipsilateral optic tract and the visual cortical areas produced similar field potentials in the superior colliculus having a negativepositive wave at the surface which reversed to a mirror image of a positivenegative wave at layers deeper than the optic layer. On the other hand, these electrophysiological findings suggested that the same neural elements or populations should be responsible for the generation of field potentials in either case of stimulation and that some interaction between cortico-tectal and retino-tectal inputs should occur.
In our experiments it was shown that the preceding. activation of the cortico tectal input exerted an initially facilitatory effect between 50 msec and 200 msec after cortical stimulation followed by a depressive effect on the field potential evoked by stimulation of the ipsilateral optic tract. These effects were diminished or even eliminated when chloralose anesthesia was deepened or pentobarbital sodium was used for anesthesia. Under such conditions, collicular field potentials superimposed upon the slow potential wave were reduced. These findings would allow us to think that the cortical effects were due to the activation of inter neurons in the colliculus.
In 
